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Acid-base balance in chronic peritoneal dialysis patients. Endogenous
acid production has never been measured directly in dialysis patients and
an empiric formula is used to estimate acid production from their protein
catabolic rate. We have studied acid-base balance in 19 stable CAPD
patients attending the peritoneal dialysis clinic of Mount Sinai Hospital.
They obtained a 24 hour collection of peritoneal dialysis fluid and urine
while consuming their usual diet and performing their usual activities.
Total alkali gain was calculated from net GI alkali absorption plus urinary
net acid excretion plus alkali gain from dialysate, while total acid
production was measured directly from the urinary and dialysate excre-
tions of sulfate and organic anions. Net GI alkali absorption was estimated
from the difference between cations (Na + K + Ca + Mg) and anions
(Cl + 1.8P) in the 24 hour dialysate and urine collections minus the daily
total amount of lactate infused. All of our patients had a normal or high
serum bicarbonate concentration, which was stable with time. Total alkali
gain was virtually identical to total acid production (54.2 vs. 52.4 mEq/day)
which suggests that these patients were in neutral acid-base balance. Net
GI alkali absorption (22.7 mEq/day) was one of the same range as that of
chronic renal failure patients not on dialysis and represented almost one
half of the total daily alkali gain. The daily acid production of 52.4
mEq/day was numerically equal to 84% of the protein catabolic rate
expressed as glday, which is similar to the predicted value of 77% of PCR
reported in the literature. However, the main source of alkali loss, that is,
acid production, was the loss of organic anions in dialysate and urine.
Daily sulfate excretion (16 mEq/day) was lower than expected for the level
of protein intake (protein catabolic rate of 62 glday). The stable serum
bicarbonate concentrations on long-term dialysis suggests a steady state
and neutral acid-base balance in these patients. The almost perfect
agreement between acid production and total alkali gain supports the
validity of our methods for measuring the various parameters of acid-base
balance, including net GI absorption of alkali.
The determinants of acid-base balance in chronic hemodialysis
patients have been well delineated by Gotch, Sargent and Keen
[1]. Using the rationale that protein metabolism is the largest
contributor to acid production, these authors developed an em-
piric formula to calculate the endogenous acid production in
dialysis patients from their protein catabolic rate (PCR). How-
ever, this formula, based on observations in normal subjects, has
never been validated in dialysis patients [2]. Later, Teehan et al [3]
applied similar analysis to a small group of chronic ambulatory
peritoneal dialysis (CAPD) patients. Teehan's study showed a
negative base balance of about 26 mEqlday. However, this study
did not measure the acid production directly and ignored the
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contribution of the net GI alkali absorption which, if included,
may have completely account for the base deficit.
Acid production can be determined directly by measurement of
urinary sulfate,urinary organic anions and net GI alkali absorption
[4, 5]. Unfortunately, measurement of net UI alkali absorption
has been difficult in the past because of the need for stool
collection. However, recently it has been shown [6] that the
difference between non-combustible cations and anions excreted
in the urine is nearly equal to the difference between these ions as
absorbed from the GI tract providing the way for calculation of
net GI alkali absorption by an easy analysis of urine electrolytes.
This approach has been used to study acid balance in patients with
chronic renal insufficiency [7]. Because CAPD patients maintain a
stable body weight and a stable serum concentration of bicarbon-
ate, sodium and chloride throughout the day, it should be possible
to estimate the net GI alkali absorption on them by measuring
the net daily loss of (Na + K + Ca + Mg) (Cl + 1.8P) in the
dialysate collection. In patients who have a urinary output,
the renal contribution to net GI alkali absorption will also have to
be added.
This new and simplified approach to net GI alkali absorption
offers the opportunity to measure acid balance in a large number
of CAPD patients while consuming their usual food and perform-
ing their usual activities with two specific goals: (1) direct mea-
surement of daily net acid production in dialysis patients, and (2)
comparison of the net acid production measured directly with the
value predicted from the protein catabolic rate [1].
Methods
Human subjects
Nineteen adult CAPD patients at Mount Sinai Hospital partic-
ipated in the study. All patients were stable and consuming ad
libitum diets. They were seen in the PD clinic in two consecutive
days. The first day, patients were weighed, blood was drawn for
routine serum chemistries,and they went home to perform their
usual exchanges and collect the urine. The following day, at about
the same time, patients came back with all the dialysate and urine
collected during the past 24 hours; they were weighed and a
second sample of blood obtained. Urine was collected with thymol
as a preservative.
The study protocol was approved by the Institutional Review
Board at Mount Sinai Hospital.
Methods
Dialysate was pooled anaerobically into a large plastic bag
(Cycler drainage set. Baxter HealthCare Corp. Deerfield, IL,
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USA) and samples were obtained for the following measure-
ments: (1) Na, K, Ca, Mg, Cl, P, protein, urea, glucose and
creatinine which were measured by the routine hospital labora-
toiy; (2) organic anions were measured by a modification of the
titration technique of Van Slyke and Palmer [8]. This method
includes two modifications. First, calcium hydroxide is not added
to remove phosphate because calcium hydroxide may remove
substances other than phosphate. Instead, phosphate is measured
directly and 90% of this phosphate (in mmols) substracted from
the total titration (in mEq) because it has been shown than 90%
of phosphate in mmols is titrated between pH 2.7 and 7.4. Second,
instead of directly measuring creatinine concentration and sub-
stracting it from total organic anion titration, a cationic exchage
resin is used to remove creatinine as well as other protonated
substances; (3) pH and pCO2 were measured in a blood gas
machine,and bicarbonate concentration was measured by back
titration to pH 7.4 after the pH was brought below 3 by the
addition of 1 N HC1; (4) titratable acidity and ammonia were
measured by titration [9]; (5) sulfate was measured spectropho-
tometrically after precipitation with barium [10]; and (6) lactate
was measured by a specific enzymatic method (Boehringer Mann-
heim). Both the D- and L-isomers of lactate were measured
simultaneously in each sample. The urine was submitted to the
same measurements except that lactate was not measured in
urine.
Once the total volume was measured, samples were frozen until
measurements were performed.
A total of 10 unused dialysate bags were selected for measure-
ment of volume and initial concentrations of lactate present in the
dialysis fluid. Composition of the dialysate, as reported by the
manufacturer (Baxter HealthCare Corp.), was as follows (in
mEqlliter): sodium 132, calcium 2.5, magnesium 0.5, chloride 95
and lactate 40.
The following calculations were made:
(1) Protein catabolic rate (PCR). PCR (g/day) = 6.25 (urinary
urea in g/day + dialysate urea in g!day + 0.51 + 0.03 1 kg body
wt) + urinary protein in glday + dialysate protein in g!day
[11].
(2) nPCR (glkglday) = PCR divided by the body weight in
kilograms.
(3) KT/V (weekly) = 7 (daily dialysate urea clearance + daily
renal urea clearance)/V; V was estimated as 60% of the body
weight in kilograms.
(4) Urinary net acid excretion (NAE). NAE (mEq/day) =UNH4
+ UTA - UHCO3; where UNH4 = urinary ammonia
excretion rate in mEq/day, UTA = urinary titratable acid
excretion rate in mEq/day and UHCO3 =urinary bicarbonate
excretion rate in mEq/day.
(5) Net GI alkali absorption (NGIA). NGIA (mEqlday) =
UOD(Na + K + Ca + Mg) — UOD(Cl + 1.8P) — IDlactate;
where UOD(Na + K + Ca + Mg) = urinary plus outflow
dialysate excretion rates of Na, K, Ca and Mg in mEq/day;
UOD(Cl + 1.8P) = urinary plus outflow dialysate excretion
rates of Cl and P in mEq/day and IDlactate = inflow dialysate
lactate content in mEq/day.
The assumption in calculating net GI alkali absorption has been
that in a steady state the sum of non-combustible electrolytes in
the urine and dialysate outflow would equal the sum of electro-
lytes absorbed in the GI tract originating from the diet and those
from dialysate inflow. The non-combustible electrolyte composi-
tion in inflow dialysate is neutral except for sodium lactate, and
therefore lactate concentration can be equated with the excess of
non-combustible cations over anions in the inflow dialysate.
Hence, electrolytes absorbed from GI tract (net GI absorption of
alkali) = urine and dialysate outflow electrolytes — dialysate
inflow lactate concentration.
(6) Dialysis lactate uptake (mEq/day) = inflow dialysate lactate
content — outflow dialysate lactate content (all in mEq/day).
(7) Dialysis alkali gain (DAG). DAG (mEq/day) = dialysate
lactate uptake — outflow dialysate bicarbonate loss (all in
mEqlday);
(8) Total alkali gain (mEq/day) = NGIA + NAE + DAG.
(9) Total acid production (mEqiday) UODsulfate + UOA +
ODOA other than lactate; where UODsulfate = urinary
plus outflow dialysate excretion rates of sulfate in mEq/day;
UOA = urinary excretion rate of total organic anions in
mEq/day, and ODOA other than lactate = outflow dialysate
excretion rate of organic anions other than lactate in mEq/
day;(10) Organic anions other than lactate (mEq/day) = outflow
dialysate (total organic anions measured by titration be-
tween pH 2.7 and 7.4 — 0.91 X lactate by enzymatic
technique). The figure 0.91 represents the fraction of lactate
that is titrated between pH 2.7 and 7.4.
Significant differences between the means were calculated by
the Student's t-test. Correlations between values were assessed by
linear regression analysis. Statistically significant difference was
defined as a P value less than 0.05.
Results
Nineteen patients participated in the study. Their ages ranged
from 28 to 80 (54.5 12 years, mean SD), and the mean time
since the start of CAPD was 31.5 months with a range from 7 to
84 months. There were 9 males and 10 females; 8 Hispanics, 7
blacks and 4 whites. The renal diagnoses included: nephrosclero-
sis (10), diabetic nephropathy (4), obstructive uropathy (2),
chronic glomerulonephritis (1), lupus nephritis (1) and polycystic
kidney disease (1).
All of the patients were ingesting oral calcium carbonate as
phosphate binders; the dosage ranged from 1.95 to 7.8 g daily
(4.65 1.7 g, mean SD). Only 9 patients were receiving calcitriol
(0.58 0.35 .tg/day, mean SD).
The mean value of 5 volume measurement in the two-liter
Dianeal bags was 2.061 0.01 liters and in the 1.5-liter bags was
1.551 0.004 liters. D-lactate level was 19.8 0.15 mEq/liter and
L-lactate was 19.2 0.2 mEq/liter. These were the values used for
the calculation of the inflow parameters.
One of the 19 patients was studied in two consecutive days
resulting in a total of 20 studies. There were no statistically
significant differences between the first and second days of the
study in terms of serum total CO2 (28.8 3.1, mean SD during
the first day and 28.8 3 mEqlliter during the second day), serum
sodium (141.3 3 and 140.6 3.1 mEq/liter) or body
weight (72 20 and 71.6 20 kilograms, respectively). When
total CO2 for the two consecutive months prior to the study were
analyzed there were no statistically significant differences between
the values, 28.8 2.7 mEq/liter at one month and 29.4 3.9
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Table 1. Selected parameters
Total Group A Group B
Serum sodium mEq/liter 140.6 3.1 140.3 2.2 141 2.2
Serum potassium mEqiliter 3.9 0.7 4 0.6 3.8 0.8
Serum total CO2 mEqiliter 28.8 3 29 2.7 28.5 3.5
Serum chloride mEqiliter 97.2 3.8 96 3.4 99 3.8
Serum albumin g/dl 3.6 0.4 3.5 0.5 3.7 0.2
Serum calcium mg/dl 9.9 1.1 10.3 1.2 9.4 0.8
Serum phosphorus mg/dl 5.1 2.1 4.8 2.2 5.5 2.2
Serum creatinine mg/dl 11.8 3.6 12.4 3.1 11 4.3
BUN mg/dl 61 21 61.7 22 60.2 21
KT/V weekly 1.6 0.3 1.5 0.4 1.6 0.3
PCRg/day 62 22 55.8 14 71.5 29
nPCR g/kg/day 0.9 0.2 0.9 0.2 0,9 0.2
All blood chemistries values are those of the second day of the study. All
values are expressed as mean SD. Group A is patients without urinary
output, and Group B is patients with urinary output.
Table 2. PD parameters in all patients
Total Group A Group B
Inflow pH
Outflow pH
Inflow volume liters/day
Outflow volume liters/day
Total protein g/day
5.20
7.448.5 29.4 2
7.6 3.4
5.2
7.44
8.4 2
9.3 2
7.2 2
5.2
7.45
8.7 2
9.7 2
8.2 4
Total lactate inflow mEqiday
Total lactate outflow mEqiday
Dialysis lactate uptake mEq/day
Bicarbonate loss mEq/day
Dialysis alkali gain mEq/day
332.7 70
86.1 38
246.6 49
215.7 54
30.9 23
327 72
88 41
239 50
210 57
29 24
341 71
84 36
258 48
224 52
33 42
Non-lactate organic anions
Sulfate mEq/day
32.1 10
13.8 6
32 9
13 5 31 1014 8
All values are expressed as mean SD.
Group A is patients without urinay output and Group B is patients with
urinary output.
mEq/liter at 2 months, indicating a stable serum bicarbonate level
in our patients. An aliquot of venous blood was used for mea-
surement of blood gases: pH 7.36, pCO2 50.4 6.5 mm Hg and
total CO2 30.1 2.4 mEqlliter.
Table 1 shows the results of selected parameters in our popu-
lation of patients. The mean serum total carbon dioxide of 28.8,
with values ranging from 24 to 35 mEq/liter, is clearly in the upper
range of normal for our hospital laboratory (24 to 32 mEq/liter).
The values for BUN and serum creatinine, although abnormal,
are the usual ones observed in CAPD patients. The weekly KT/V
of 1.6 falls slightly short of the currently recommended value of
1.7 {12]. An nPCR of 0.88 g/kg/day is lower than the usual value
of 1.2 recommended to keep CAPD patients in positive nitrogen
balance [131. However, recent work has shown that stable CAPD
patients, who are seemingly in nitrogen balance, have a protein
intake of as low as 0.7 g/kg/day [14, 15] and the issue of optimal
protein intake in this population remains controversial. Moreover,
the absolute PCR value of 62 g/day is not particularly low. When
the data are subdivided into patients with and without urine
output, no statistically significant difference was observed between
both groups.
Table 2 shows an outflow peritoneal dialysis fluid pH of 7.44
which must be a reflection of the systemic pH suggesting that
these patients, as a group, do not have metabolic acidosis. Of
Table 3. Urinary parameters
Number of patients
Volume liters/day
Protein glday
Net acid excretion mEq/day
Sulfate mEqiday
Organic anions mEqiday
8
0.51 0.46
1.0 0.8
1.7 8
5.3 4.6
10.8 39
All values are expressed as mean SD.
Table 4. Combined data
Total Group A Group B
Total alkali gaina 54.2 18
Dialysis alkali gain 30.9 23
Net GI alkali absorption 22.7 30
Net acid excretion 0.7 5
45 14
29.4 24
16 29
—
68 16
33 22
33 29
1.7 8
Total acid production 52.4 18
Urine and dialysate sulfate 16 8.5
Dialysate non-lactate organic anions 32.1 10
Urine organic anions 4.33 7
46.6 12
13.4 5
32.4 9
—
61 23
20 11
30.7 10
10.8 39
All values are expressed as mean SD and in mEq/day.
Group A is patients without urinary output and Group B is patients with
urinary output.aStatistically significant difference between groups A and B
interest, is the relatively large value of excretion of organic acids
other than lactate and the low excretion of sulfate. When patients
were grouped into those with or without urinary output there were
no statistically significant differences between both groups.
As reflected in Table 3, in the 8 patients with residual renal
function the mean urinary volume was 0.51 liters/day (range 0.17
to 1.5 liters). Net acid excretion was minimal, but there was a
significant urinary excretion of sulfate and organic anions.
As shown in Table 4, the mean values for total alkali gain and
total acid production were virtually identical. Net GI alkali
absorption represented 42% of the net alkali gain. Total sulfate
excretion represented only 30.5% of the total acid production and
the remainder was accounted for loss of organic anions. When
patients were grouped into those with or without urinary output,
only the total alkali gain reached statistical significant difference
between both groups.
As shown in Table 5, the mean values for total alkali gain and
total acid production were almost identical despite a significant
spread of values in individual patients. Although total acid
production was greater in patients with urine than in those
without urine, the difference did not reach statistical significance
(P 0.08).
Figure 1 shows the correlation between total acid production
and PCR. The mean total acid production represented 85% of the
mean PCR. Although not shown, there was also a very good
correlation between total sulfate excretion and PCR (r = 0.84;
P < 0.0001), and between total alkali gain and total acid produc-
tion (r = 0.8; P = 0.001).
Discussion
In subjects with functioning kidneys, acid production is mea-
sured from urinary sulfate and organic anions. In acid-base
balance states, this quantity must equal total alkali gain which is
measured from net acid excretion and net GI alkali absorption [4,
s1. In CAPD patients, acid production can be measured from loss
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Patient TAG TAP
Patients without urine
1 46.1 32.1
2 48.3 34.5
3 19.9 30
4 24 40
5 57.4 58
6 39 39.2
7 45.7 59.8
8 37.5 48.9
8 44.4 38.8
9 66.6 60.5
10 63.6 62.1
11 52 55.9
Mean SD 45 14 47 12
Patients with urine
12 54.1 47.8
13 73.3 47.5
14 54.7 54.6
15 98.6 102
16 59.6 65.2
17 61.1 39.5
18 55.7 43
19 83.4 88
Mean SD 68 16 61 23b
All patients
Mean SD 54 18 52 18
Abbreviations are: TAG, total alkali gain; TAP, total acid production.
All data are expressed in mEq/day.
a Statistically significant difference between patients with and without
urine (P = 0.0045)b Marginally significant difference between patients with and without
urine (P = 0.08)
of sulfate and organic anions in the urine as well as dialysate,
whereas total alkali gain can be obtained from net GI alkali
absorption, net acid excretion and alkali gain from dialysate.
Dialysate alkali gain in turn is measured as organic anion uptake
minus bicarbonate loss.
We have measured acid production and acid excretion in 19
stable CAPD patients dialyzed with peritoneal dialysis fluid
containing lactate at 40 mEq/liter. This is the first study of dialysis
patients that directly measured all the parameters of acid produc-
tion and acid excretion, including net alkali gain from the diet.
Our data show that acid production and alkali gain are in nearly
perfect balance.
In agreement with a previous report [16], our group of patients
had a normal serum bicarbonate concentration; in fact, two of
them (10%) had a serum total CO2 greater than 32 mEq/liter.
This correction of metabolic acidosis may be beneficial for both
protein and bone metabolism [17]. Serum bicarbonate concentra-
tion was stable with time as expected in subjects who are in acid
balance.
The daily generation of hydrogen ion, 52.4 mEq, was numeri-
cally equal to 84% of our patients' PCR expressed in g/day, which
is similar to the predicted value of 77% of PCR as described by
Gotch et al [1]. However, the main source of acid production in
our patients was organic acids, while sulfuric acid production
represented only 30% of the acid production. The combined loss
of sulfate in urine and dialysate was 16 mEq/day, far less than the
usual urinary sulfate excretion of about 40 mEq/day in normal
subjects. Kleinman and Lemann [18] have estimated the rate of
urinary sulfate excretion on subjects ingesting a mixed-protein
diet with the following formula: urinary sulfate (mEq/day) =
5.6 + 0.42 dietary protein (g/day). Our subjects had a daily protein
intake of 62 g estimated from the protein catabolic rate (PCR).
About 8 g of protein were lost in dialysate and urine, and the
remainder 54 g should have yielded a daily sulfate production of
28.3 mEq. One possible explanation for the low sulfate recovery is
that our patients were ingesting proteins that had a particularly
low content of sulfur; for example, proteins of vegetable origin
contain less sulfur. Although an accurate dietary history was not
obtained in our patients, it is highly unlikely that the type of
proteins they were ingesting was markedly different or sufficiently
different to explain the observed findings. Other possible expla-
nations for this low daily excretion of inorganic sulfate include
sulfate loss in the feces and loss of sulfur in some other forms such
as proteins of high sulfur content, taurine, phenol sulfate, etc.
Sulfate is a non-combustible anion, and therefore its loss in the
stool would be tantamount to a gain of alkali. However, neither
the conventional method for measuring net GI alkali absorption
by using diet and stool electrolytes nor the method utilizing
urinary electrolytes includes sulfate in the formula calculating net
GI alkali absorption. Thus any fecal loss of sulfate would tend to
underestimate net GI alkali absorption measured by the tech-
niques described above. On the other hand, fecal loss of sulfate
would lead to an equimolar reduction in urine sulfate excretion,
and acid production measurement on the basis of urine sulfate
excretion would be reduced by the exact same quantity. Hence,
fecal loss of sulfate would not affect the overall calculation of
acid-base balance.
A significant difference between our study and that of Teehan
et al [3] is the large amount of organic acids other than lactate that
was lost in the peritoneal dialysis fluid of our patients (32.1
mEq/day). Teehan measured acetoacetate and hydroxybutyrate
and found their excretion rate to be only 1.1 and 3.6 mEq/day,
respectively. This small amount of organic anions is in quite
contrast to much larger values excreted during hemodialysis: 101
mEq/dialysis reported in one study [19] and 37 mEq/dialysis in
another study [1]. Moreover, people with chronic renal failure
Table 5. Individual acid-base balance data
S
.
S.
120
 40
20
20 100 120 140
Protein catabolic rate, g/day
Fig. 1. Correlation between acid production and PCR. y = 10.237 +
0.67945x; r = 0.8355.
S
S
40 60 80
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excrete about 40 mEq/day of organic acids in the urine [7].
However, a comparison may not be valid because we measured
total organic anions by a modification of the classical titration
technique of Van Slyke and Palmer, with elimination of creati-
nine, amino acids and other interfering substances with a cation
exchange resin [81. One of the possible explanations for the
difference between our findings and those of Teehan et al's may
be the systemic PH; most of Teehan's patients had systemic
acidosis, while our patients might have been alkalemic. The effect
of high pH in stimulating the production of organic acids is well
known [20].
The role of the dietary alkali in the maintenance of acid-base
balance in dialysis patients seems very important. Of the total
daily alkali gain of 54.2 mEq, nearly half (22.7 mEq/day) can be
attributed to dietary alkali. The remainder came from alkali gain
from dialysis and small amount of urinary net acid excretion.
Quantitatively, the amount of net UI absorption of alkali in
dialysis patients is similar to the amounts previously shown in
normal subjects and in patients with chronic renal failure [6, 7].
In summary, our study measured, for the first time, all the
parameters of acid-base balance including actual measurements
of daily acid production and net GI alkali absorption in a large
population of CAPD patients on their usual diets and activities.
Acidosis was completely corrected in these patients as judged by
the serum bicarbonate concentration,but a minority had alkalosis.
The amount of alkali gained from dialysis was only slightly greater
than the amount of alkali absorbed from the diet. The main
source of acid production was organic acids, manifested as loss of
organic anions in dialysate and in urine. Sulfuric acid represented
only about of the total daily acid production. The near perfect
parity between acid production and net alkali gain supports the
validity of our methods for measuring the various parameters of
acid-base balance.
Acknowledgments
The authors thank all the nurses of the Mount Sinai Hospital Home
Dialysis Program for their continued support on this project.
Reprint requests to Jaime Uribarr, M.D., Mount Sinai Medical Center, One
Gustave Leiy Place, New Yorlç New York 10029, USA.
References
1. GOTCH FA, SARGENT JA, KEEN ML: Hydrogen ion balance in dialysis
therapy. Artif Organs 6:388—395, 1982
2. GENNARI J: Acid-base balance in dialysis patients. Kidney mt 28:678—
688, 1985
3. Tiaaa BP, REICHARD GA, SIGLER MH, SCHLEIFER CR, CuPIr MC,
H.AJ'i AC: Acid-base studies in continous ambulatory peritoneal
dialysis, in CAPD Update, edited by MONCRIEF JW, Po'ovici-i RP,
New York, Masson Publishing, 1981
4. RELMAN AS, LENNON El, LEMANN J: Endogenous production of fixed
acid and the measurement of the net balance of acid in normal
subjects. J Clin Invest 40:1621—1630, 1961
5. LENNON EJ, LEMA.NN J, LITZOW JR: The effect of diet and stool
composition on the net external acid balance on normal subjects. J
Clin Invest 45:1601—1606, 1966
6. OH MS: A new method for estimating GI absorption of alkali. Kidney
mt 36:915—917, 1989
7. URIBARRI J, DOIJYON H, OH MS: Acid-base balance in renal acidosis.
(abstract) JAm Soc Nephrol 3:330, 1992
8. OH MS, RAKESH S, CARROLL HJ: New method for measuring urine
organic acids. (abstract) JAm Soc Nephrol 4:298, 1993
9. Ci-isr JCM: The rapid determination of urinary titratable acid and
ammonium and evaluation of freezing as a method of preservation.
Clin Biochem 5:94—98, 1972
10. MA RSW, CIiN JCM: Endogenous sulphuric acid production: A
method of measurement by extrapolation. Clin Biochem 6:82—87, 1973
11. TEEHAN BP, BROWN JM, SCHLEIFER CR: Kinetic modeling in perito-
neal dialysis, in Clinical Dialysis (2nd ed), edited by AR NISSENSON,
RN FINE, DE GENTILE, Norwalk, Appleton and Lange, 1990
12. HALLETF MD, CHARLTON B, FARRELL PC: Adequacy of peritoneal
dialysis. Semin in Dial 3:230—236, 1990
13. BLUMENKRANTZ MJ, KOPPLE JD, MoRAN JK, COBURN JW: Metabolic
balance studies and dietary protein requirements in patients under-
going continous ambulatory peritoneal dialysis. Kidney mt 21:849—
861, 1982
14. FINE A, Cox D: Modest reduction of serum albumin in continous
ambulatory peritoneal dialysis patients is common and of no apparent
clinical consequence. Am J Kidney Dis 20:50—54, 1992
15. BERGSTROM I, LINDHOLM B: Nutrition and adequacy of dialysis. How
do hemodialysis and CAPD compare? Kidney Int 43(Suppl 40):S39—
S50, 1993
16. NISSENSON AR: Acid-base homeostasis in peritoneal dialysis patients.
IntJArtifO,gans 7:175—176, 1984
17. MAY RC, KELLY RA, MITCH WE: Mechanisms for defects in muscle
protein in rats with chronic uremia. Influence of metabolic acidosis. J
Clin Invest 79:1099—1103, 1987
18. KLEINMAN JG, LEMANN J: Acid production, in Clinical Disorders of
Fluid and Electrolyte Metabolism (4th ed), edited by MH MAXWELL,
CR KLEEMAN, RG NARINS. New York, McGraw-Hill Book Company,
1987
19. VREMAN HJ, ASSOMULI VM, KAISER BA, BLASCHKE TF, WEINER
MW: Acetate metabolism and acid-base homeostasis during hemodi-
alysis: Influence of dialyzer efficiency and rate of acetate metabolism.
Kidney Int 18(Suppl 10):S62—S74, 1980
20. RELMAN AS: Metabolic consequences of acid-base disorders. Kidney
Int 1:347—359, 1972
